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Tropical  Storm  Database— East  and 
Gulf  of  Mexico  Coasts  of  the  United  States 

Purpose 


This  technical  note  describes  the  availability  of  a  database  of  tropical 
storm  surge  elevations  and  currents  produced  from  the  numerical  simula¬ 
tion  of  134  historically  based  events  that  impacted  the  east  and  Gulf  of 
Mexico  coasts  of  the  United  States.  The  database  consists  of  surge  data 
hydrographs  recorded  at  486  discrete  locations  along  the  east  and  Gulf 
coasts  and  Puerto  Rico.  Also  described  are  a  summary  atlas  and  cross  ref¬ 
erence  tables  of  storm  track  and  maximum  storm  surge  corresponding  to  a 
246-station  nearshore  subset  of  the  486-location  database. 

This  database  of  information  was  generated  in  support  of  the  'Tong- 
Term  Fate  of  Dredged  Material  Disposed  in  Open  Water"  research  of  the 
Dredging  Research  Program  (DRP),  being  conducted  by  the  U.S.  Army  En¬ 
gineer  Waterways  Experiment  Station  (WES).  Although  the  capability  to  ac¬ 
cess  these  elevation  and  current  time  series  was  developed  to  provide  input 
to  the  long-term  fate  and  stability  of  dredged  material  model  LTFATE,  the  po¬ 
tential  use  of  such  a  database  goes  far  beyond  the  testing  of  disposal  site  sta¬ 
bility.  The  database  described  in  this  technical  note  can  be  used  to  provide 
offshore  or  nearshore  boundary  conditions  for  any  type  of  coastal  modeling 
or  analysis  requiring  storm-generated  elevation  or  current  data.  ° 


Background 

The  long-term  fate  research  has  been  concerned  with  developing  tech¬ 
niques  to  predict  the  long-term  fate  of  dredged  material  after  it  has  been 
deposited  in  open  water  on  the  ocean  floor,  that  is,  to  address  the  question 
whether  a  dredged  material  disposal  site,  either  existing  or  proposed,  is 
dispersive  or  nondispersive  (Scheffner  1992).  If  the  site  is  dispersive,  an 
additional  capability  of  the  model  is  to  estimate  the  rate  of  erosion  and 
fate  of  the  material.  Because  sediment  is  primarily  eroded  and  transported 
as  a  function  of  waves  and  currents,  the  approach  taken  was  to  construct 
databases  of  site-specific  information  that  could  be  used  as  input  to 
coupled  hydrodynamic,  sediment  transport,  and  bathymetry  change 
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models  for  predicting  the  long-term  behavior  of  disposal  sites.  In  the 
DRP,  attention  was  focused  on  the  development  of  the  wave,  tidal,  and 
storm  surge  components. 

The  wave  component  of  the  database  provides  the  capability  for  generat¬ 
ing  time  series  of  wave  height,  period,  and  direction  for  any  location  at 
which  a  WES  Wave  Information  Study  (WIS)  hindcast  is  available.  The 
wave  simulation  capability  is  described  in  Borgman  and  Scheffner  (1991) 
and  Thevenot  and  Scheffner  (1993).  The  tidal  elevation  and  current  com¬ 
ponent  of  the  database  is  described  by  Westerink,  Luettich,  and  Scheffner 
(1993)  and  Scheffner  (1994).  A  database  of  extratropical  storm  surge  eleva¬ 
tion  and  current  hydrographs  is  currently  under  development.  This  techni¬ 
cal  note  describes  the  tropical  storm  surge  component  for  the  east  and 
Gulf  coasts  of  the  United  States. 

Additional  Information 

For  additional  information,  contact  the  author.  Dr.  Norman  W.  Scheff- . 
ner,  (601)  634-3220,  or  Mr.  E.  Clark  McNair,  Jr.,  manager  of  the  Dredging 
Research  Program,  (601)  634-2070. 

Historic  Event  Input 

The  tropical  storm  database,  consisting  of  surge  elevation  and  current 
hydrographs  corresponding  to  selected  WIS  and  nearshore  stations  along 
the  east  and  Gulf  coasts  of  the  United  States  and  Puerto  Rico,  has  been 
completed  (Scheffner  and  others  1994).  The  database  was  constructed  by 
numerically  simulating  134  historically  based  hurricanes  that  have  im¬ 
pacted  the  eastern  and  Gulf  coasts  of  the  United  States  during  the  period 
1886  to  1989.  The  source  of  data  for  these  simulations  is  the  National  Oce¬ 
anic  and  Atmospheric  Administration's  National  Hurricane  Center's 
HURDAT  (HURricane  DATabase),  described  by  Jarvinen,  Neumann,  and 
Davis  (1988). 

The  selection  of  storms  from  the  HURDAT  was  based  on  the  selection 
of  events  that  impacted  each  of  eight  coastal  segments  along  the  east  and 
Gulf  coasts  of  the  United  States,  described  by  Ho  and  others  (1987). 

These  eight  regions  were  defined  to  have  a  homogeneous  population  of 
events  such  that  storm  parameters  associated  with  events  for  one  location 
in  the  segment  appear  similar  to  the  parameters  associated  with  another  lo¬ 
cation  within  the  segment.  A  thorough  analysis  of  the  selection  process 
and  procedures  is  presented  in  Ho  and  others  (1987). 

The  selection  of  events  for  inclusion  in  the  database  was  made  by  defin¬ 
ing  a  latitude  and  longitude  rectangle  encompassing  each  of  the  segments. 
These  rectangular  regions  are  shown  in  Figure  1.  The  tracks  of  all  875 
events  in  the  1886-1989  edition  of  the  HURDAT  file  were  examined  to 
determine  if  they  entered  the  segment  rectangle.  Of  those  that  did  enter 
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Figure  1.  Coastal  segment  rectangles 


the  rectangle,  those  events  whose  minimum  central  pressure  was  greater 
than  995  mb,  those  whose  track  was  only  on  the  landward  side  of  the  rec¬ 
tangle,  and  those  that  were  far  from  the  shoreline  near  the  seaward  bound¬ 
ary  were  discarded.  This  process  of  elimination  resulted  in  the  selection 
of  the  following  number  of  events  associated  with  each  rectangle:  1  -  27; 

2  -  35;  3  -  29;  4  -  33;  5  -  55;  6  -  52;  7  -  30;  and  8  -  21. 

Because  many  of  the  events  impacted  two  or  more  segments,  numerous 
redundancies  were  identified  in  the  segment-by-segment  selection  of 
events.  After  removing  duplications,  134  events  were  selected  for  use  in 
the  modeling  simulation  process.  These  selected  events  are  listed  in  chron¬ 
ological  order  in  Figure  2  according  to  date  of  inception,  corresponding 
HURDAT  number,  and  given  name. 

Database  Output  Station  Locations 


The  goal  of  this  database  was  to  provide  boundary  condition  data  for 
any  coastal  application  requiring  either  surge  elevation  or  current  informa¬ 
tion  along  the  east  and  Gulf  coasts  of  the  United  States.  To  accomplish 
this  task  and  have  the  database  remain  tractable  with  respect  to  memory 
-  requirements,  discrete  locations  for  archiving  data  were  defined  according 
to  two  criteria.  First,  output  locations  were  selected  to  correspond  to  the 
240  east  and  Gulf  coast  WIS  stations  (Hubertz  and  others  1993),  with 
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Figure  2.  Historical  tropical  storm  database 


additional  locations  prescribed  for  Puerto  Rico.  These  stations  are  located 
at  every  0.25  deg  of  latitude  and  longitude  along  the  coastline  in  water 
depths  averaging  between  10  and  20  m.  Because  WIS  stations  are  located 
at  variable  distances  from  the  shoreline,  246  additional  locations  were  se¬ 
lected  to  represent  nearshore  projections  of  WIS  stations,  resulting  in  a 
total  of  486  discrete  locations  at  which  surge  elevation  and  current  hydro¬ 
graph  information  are  archived.  Detailed  figures  of  these  locations;  their 
respective  station  numbers,  latitude  and  longitude  location,  and  approxi¬ 
mate  depth;  and  the  sum  of  eight  primary  tidal  elevation  constituents  ex¬ 
tracted  from  the  DRP  tidal  database  are  given  in  Scheffner  and  others 
(1994). 
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Tropical  Storm  Database 

All  134  tropical  events  selected  for  the  database  were  simulated  in  their 
entirety,  with  output  files  initially  archived  for  all  486  WIS  and  nearshore 
projected  stations.  The  finite  element-based  hydrodynamic  model 
ADCIRC-2DDI  (Luettich,  Westerink,  and  Scheffner  1992)  was  used  for  all 
storm  event  simulations.  A  very  large  computational  domain,  shown  in 
Figure  3,  is  used  for  modeling  the  storm  events  selected  as  the  basis  for 
this  database.  The  modeled  area  includes  the  western  North  Atlantic 
ocean,  the  Gulf  of  Mexico,  and  the  Caribbean  Sea.  This  domain  was  ini¬ 
tially  developed  for  tidal  propagation  studies  (Westerink,  Luettich,  and 
Scheffner  1993).  However,  its  implementation  for  storm  propagation  has 
been  demonstrated  through  accurate  predictions  of  both  the  primary 
storm  surge  and  the  surge  forerunner  effect  (Blain,  Westerink,  and 
Luettich,  in  preparation). 


Figure  3.  East  coast.  Gulf  of  Mexico,  and  Caribbean  Sea 
computational  domain 
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Because  each  hurricane  event  does  not  impact  every  coastal  station,  the 
database  described  in  this  technical  note  and  presented  in  Scheffner  and 
others  (1994)  was  constructed  such  that  surge  information  was  archived 
only  for  locations  at  which  a  maximum  surge  elevation  of  1  ft  (0.3048  m) 
or  greater  was  computed.  To  eliminate  possible  start-up  or  termination  • 
transients  or  farfield  discontinuities  that  may  propagate  beyond  the  edge 
of  the  nested  PBL  model,  potential  impacted  stations  were  also  required 
to  be  within  a  200-mile  (320-km)  radius  of  the  eye  of  the  storm.  The  re¬ 
ported  maximum  surge  was  selected  as  the  maximum  elevation  on  the 
surge  water  surface  hydrograph  in  a  ±6-hr  window  from  the  time  (nearest 
hour)  when  the  hurricane  eye  is  nearest  to  the  selected  station.  A  sum¬ 
mary  of  the  full  database  is  provided  by  Scheffner  and  others  (1994),  in 
the  form  of  an  atlas  of  maximum  storm  surge  elevations  computed  at 
each  WIS/nearshore  station  subject  to  the  above  limitations.  The  maxi¬ 
mum  surge  atlas  and  the  surge  elevation  and  current  database  are  briefly 
described  below. 

Surge  Maximum  Elevation  Atlas 

The  atlas  of  the  nearshore  spatial  distribution  of  maximum  surge  eleva¬ 
tion  was  generated  as  a  tool  for  identifying  storms  that  impacted  specific 
locations  along  the  east  and  Gulf  coast  areas  and  offshore  of  Puerto  Rico. 

A  typical  component  of  the  atlas  is  shown  in  Figure  4  for  Hurricane  Bon¬ 
nie.  This  figure  contains  a  summary  plot  of  the  total  storm  track  accord¬ 
ing  to  the  information  contained  in  the  HURDAT  database,  as  well  as  a 
landfall  or  near  landfall  map  enlargement  detailing  the  spatial  distribution 
of  maximum  surge  magnitudes. 

To  maximize  the  readability  by  reducing  the  density  of  information 
contained  in  the  atlas,  surge  elevations  are  reported  in  decimeters  (10  dm 
=  1  m).  For  example,  the  maximum  surge  for  Hurricane  Bonnie  in  Figure  4 
is  shown  to  be  13  dm  (1.3  m)  at  the  second  nearshore  station  to  the  east  of 
landfall.  The  location  map  and  a  portion  of  the  station  descriptor  contained 
in  Scheffner  and  others  (1994)  are  reproduced  as  Figure  5.  This  information 
is  used  to  identify  the  station  number,  location,  approximate  spring  tide  am¬ 
plitude,  and  approximate  depth.  For  the  example  shown  in  Figure  4,  the 
nearshore  station  can  be  identified  as  station  539,  located  at  93.7569  deg  west 
longitude,  29.6873  deg  north  latitude,  with  an  approximate  spring  tide  ampli¬ 
tude  of  0.8435  m  and  an  approximate  depth  of  6.5  m. 

Cross  referencing  of  the  summary  database  of  storm-specific  maximum 
surge  elevations  for  the  nearshore  gages  is  provided  in  the  report  so  that 
users  can  determine  the  spatial  alongshore  impact  of  each  historic  event, 
and  also  determine  which  historic  events  impacted  a  specific  WIS/ 
nearshore  station.  This  information  is  presented  in  a  two-sequence  tabular 
form,  with  the  first  portion  containing  the  HURDAT  storm  number  and 
the  number  of  WIS/nearshore  stations  that  were  impacted  by  that  storm 
event  (limited  to  a  minimum  surge  of  1  ft  and  located  within  200  miles  of 
the  eye  of  the  event),  followed  by  a  tabulation  of  stations  impacted  and 
their  respective  maximum  surge  elevations  in  decimeters.  Figure  6 
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29.23040 

0.46266 

9.55403 

522 

-90.00160 

29.21340 

0.46487 

6.98934 

523 

-90.24150 

29.06830 

0.47008 

9.18662 

524 

-90.53360 

29.21340 

0.50082 

8.96870 

525 

-90.76310 

29.06540 

0.51362 

8.78566 

526 

-91.01350 

29.14980 

0.55416 

6.63064 

527 

-91.19080 

29.16690 

0.58888 

5.38724 

528 

-91.31600 

29.22660 

0.62024 

4.62138 

529 

-91.50370 

29.46550 

0.64680 

6.71694 

530 

-91.71230 

29.42280 

0.62417 

4.00000 

531 

-91.92100 

29.43990 

0.66267 

4.00000 

532 

-92.09830 

29.47400 

0.68786 

4.43894 

533 

-92.25480 

29.53380 

0.68941 

4.14046 

534 

-92.50510 

29.53380 

0.72280 

6.21479 

535 

-92.76590 

29.58500 

0.76584 

7.57567 

536 

-93.01620 

29.67880 

0.80926 

6.49206 

537 

-93.25620 

29.73850 

0.83335 

7.12591 

538 

-93.51690 

29.73000 

0.84829 

4.86125 

539 

-93.75690 

29.68730 

0.84350 

6.47503 

540 

-94.00720 

29.62760 

0.82655 

5.76917 

Figure  5.  Sample  locator  map  and  station  description 
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presents  an  extracted  example  for  HURDAT  #841  (Hurricane  Bonnie).  As 
shown,  event  841  impacted  31  WIS/nearshore  stations,  with  station  539 
showing  a  maximum  surge  of  13  dm. 

The  second  portion  of  the  index  presents  a  tabulation  of  events  that  im¬ 
pacted  each  specific  WIS/ nearshore  station  and  the  surge  produced  by 
that  storm.  For  example.  Figure  7  presents  an  example  listing  for 
nearshore  station  539.  As  shown  in  the  table,  station  539  was  impacted 
by  25  tropical  events,  with  HURDAT  #841  producing  a  maximum  surge  el¬ 
evation  of  13  dm. 


No.  Impacted 


HURDAT  STORM  841.#  STATIONS-MAX  SURGE  31 

133-  3  134-  4  135-  4  136-  4  137-  5  138-  7  139-  8  140-  8  141-  7  142-  6  143-  5  144-  5  145-  5  146-  3  530-  3 
531-  4  532-  4  533-  5  534-  5  535-  6  536-  8  537-10  538-12  539-13  540-10  541-  5  542-  4  543-  4  544-  4  545-  4 


n _u 


WIS 

Maximum 

Station 

Surge 

No. 

(dm) 

Figure  6.  WIS/nearshore  stations  impacted  by  HURDAT  #841 


WIS/NEARSHORE  STATION  539,  #  HURDAT  STORMS-MAX  SURGE  25 
5-  4  117-23  183-10  211-36  232-14  295-  4  310-54  324-  5  397-15  405-23  445-11  565-26  586-10  602-22  690-  8 
703-  9  704-  5  722-18  731-  6  809-17  812-24  832-  3  841-13  867-16  874-13 


Figure  7.  HURDAT  events  impacting  WIS/nearshore  station  539 


The  purpose  of  the  atlas  and  accompanying  indexed  surge  data  is  to 
provide  a  comprehensive  listing  of  storms,  their  areas  of  impact,  and  their 
intensity  as  measured  by  their  maximum  surge.  These  data  can  then  be 
used  to  identify  and  access  the  WIS/nearshore  database  of  tropical  events 
for  use  as  surge  elevation  and  current  boundary  conditions. 

Surge  Elevation  and  Current  Database 

The  storm  elevation  and  current  hydrograph  database  for  both 
nearshore  and  WIS  stations  is  available  through  the  Coastal  Engineering 
Research  Center  at  WES.  The  database  consists  of  134  separate  files,  each 
containing  the  surface  elevation  (in  meters),  the  U  velocity  (east  in  meters 
per  second),  and  the  V  velocity  (north  in  meters  per  second)  at  a  15-min 
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increment  for  each  impacted  WIS  and  nearshore  station  along  the  United 
States  east  and  Gulf  coasts  and  for  selected  locations  offshore  of  Puerto 
Rico. 

Each  file  begins  with  header  information  containing  the  HURDAT 
storm  number,  start  time,  duration  of  the  event  in  hours,  hydrograph  start 
time  (storm  start  +  15  min),  number  of  points,  and  time  interval  between 
points.  The  storm  identification  data  are  followed  by  a  tabulation  for  each 
impacted  WIS  or  nearshore  station,  which  contains  the  station  identifica¬ 
tion  number  and  sequential  listings  of  time  series  of  surface  elevation,  U, 
and  V  velocity  components.  The  example  header  file  and  station  file  corre¬ 
sponding  to  nearshore  station  539  are  presented  as  Figure  8.  A  plot  of  the 
data  listed  in  Figure  7  is  shown  as  Figure  9. 

As  evidenced  from  the  examples  presented  in  this  technical  note,  the 
tropical  event  database  described  in  Scheffner  and  others  (1994)  is  highly 
informative,  easily  accessible,  and  can  be  used  for  a  variety  of  preliminary 
or  detailed  coastal  evaluations  of  storm  intensity  and  storm  impact.  This 
database  represents  a  unique  assembly  of  offshore  and  nearshore  elevation 
and  current  time  series  data  that  are  not  available  from  any  single  source. 


HtKRDAT  STORM  MJKBER:  Ml 

STORM  START  THE  (YR/H0/DAY/1UR):  1984/  6/23/IB.  MS  ■  114 

HWKJGRAPH  START  TOE  (YR/MO/DAT/HUU:  1984/  4/23/18.25.  PTS  *  456  AT  15.0  KM  DCR 
STATIST:  539  UWSITUDE.UITXTIIE  -93.7570  29.4870 

SttFACE  ELEVATION  CM) 
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Figure  8.  Database  representation  of  HURDAT  #841,  nearshore  station  539 
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Figure  9.  Hydrograph  time  series  plot  of  data  listed  in  Figure  8 

Conclusions 

This  technical  note  describes  the  availability  of  a  database  of  tropical 
storm  surge  elevation  and  current  hydrograph  time  series  that  can  be 
used  as  boundary  conditions  for  evaluating  the  fate  and  stability  of 
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dredged  material  disposed  in  open  water.  The  data  were  numerically  gen¬ 
erated  in  response  to  134  historically  based  tropical  storms  that  impacted 
the  east  and  Gulf  coasts  of  the  United  States.  Data  are  archived  at  486  dis¬ 
crete  locations  along  the  east  and  Gulf  coasts  of  the  United  States  and  for 
selected  locations  around  the  island  of  Puerto  Rico. 

Because  tides  are  not  included  in  the  simulations  and  storm  parameters 
were  not  optimized  to  prototype  conditions,  the  selected  storms  are  not  in¬ 
tended  to  be  hindcasts  of  specific  events.  Rather,  the  simulated  events  are 
intended  to  approximate  a  number  of  historically  based  storms  in  order  to 
generate  a  database  of  responses  that  are  realistic  in  both  magnitude,  dura¬ 
tion,  and  shape. 

The  tropical  storm  database  for  the  east  coast  and  Gulf  of  Mexico  de¬ 
scribed  in  this  technical  note  satisfies  the  original  goal  of  the  project,  that 
is,  to  provide  boundary  condition  data  for  disposal  site  analysis.  Addition¬ 
ally,  the  database  represents  a  very  comprehensive  and  realistic  database 
of  storm  data  that  can  be  used  for  a  variety  of  applications  in  coastal  engi¬ 
neering. 
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